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TITLE: Hydraulic system and method of improving the working properties thereof 

KWIC 

BSPR: 

This invention relates to a method of improving the working properties of fluid 
system, e.g., hydraulic, lubrication, fuel, etc., which are contaminated mainly 
during operation with the cause of the contamination being unavoidable. 

BSPR: 

The intensity of the contamination from the atmosphere, e.g. in hydraulic 
systems (especially those of farm, road-making, construction and the like 
machinery) , depends on fluid volume oscillations in their tanks when operating . 
These oscillations are basically dictated by the work of their hydraulic 
cylinders and accumulators . 

BSPR: 

The object of this invention is to devise a simple and practical method not 
only for the same purpose {eliminating the harmful effects of contamination) as 
the known ones, but for improving fluid working properties too (e.g. in fluid 
circulation systems contaminated during operation, the cause of contamination 
being unavoidable), and even the system components themselves. 

DEPR: 

Sliming on filters is compared by weighing, metal contaminants — by settling and 
weighing, friction--by tribometers . 
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[57] ABSTRACT 

A method of improving the working properties of fluid 
systems, e.g., hydraulic, lubrication, fuel; etc. The 
method lies in hydromechanical destroying or cavita- 
tion eroding the solid contaminants of the fluid, directly 
in the system or separatel>^ dispersing of them into and 
retaining them within the fluid; releasing the gaseoiis 
and liquid contaminants, driving them off; and the emul* 
sification of the fluid. As a side action, feeding of the 
pump of the fluid system is improved as well. 

12 Claims, 25 Drawing Figures 
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Gas is always present in fluids, at least in a dissolved 

V HYDRAULIC SYSTEM AND METHOD OF form, and usually does not' affect fluid mechanical prop- 

IMPROVING THE WORKING PROPERTIES erties. But vibration, decreasing pressure and heating 

THEREOF give the gas off (even with foaming) and form the inop- 

S erative mixture instead of the former solution fitted for 

This is a continuation of application Ser. No. 753,419 work. That is why the problem especially arises in fluid 

filed Dec. 22, 1976, now abandoned. systenison vehicles when the systems remaining inoper- 

^ ativc are subjected to jarring and vibration. This may 
BACKGROUND OF THE INVENTION aggravate starting such a hydrauUc system or the fuel 
: This invention relates to a method of improving the 10 system (if there is an auxiliary engine), 
working properties of fluid system, e.g., hydraulic, lu- Of fuel systems, the air problem is of particular im- 
brication, fuel, etc., which are contaminated mamly portance in diesel ones, where the fUel is relatively 
during operation with the cause of the contamination viscous and therefore, there is the tendency for air to 
bdng unavouiable. entrain into the fuel and to terminate fuel delivery to the 
; It is well known that the reliability and the longevity 1 5- combustion chambers. 

of both fluid systems themselves (hydraulic and fue^ As to liquid contaminants, the main representatives of 

and the machines they take care of (the lubrication those are water and fuel. The water in its vapor form 

systems of engines, compressors and others), m many comes into the "breathing" tank (as described above) 

respects, depend on the working properties of the used and condenses when the temperature drops. The fiiel 

fli^, 20 may come into the lubrication system from combustion 

These properties are determined by the presence of chambers or because of leakage, etc, 

the solid, gaseous and liquid contaminants in the fluid. Because fuel is volatile, the effects of it are like those 

the fineness of the latters and the state of their disper- of the gaseous contaminants. The effect of the water 



sion. 



contaminant has been described above. 



The solid contaminants are the products of wear 23 The main known methods of fluid decontamination 

(metal filings, rubber, etc.) and oxidation of both the are the continuous removing of contaminants from the 

details (e.g. bearings, gears, seals) and the working fluid fluid by means of straining, fQtering, absorption, gravi- 

itself, or are the dust (the most destroying contaminant) tational displacement, magnetic, electrostatic and ccn- 

from the atmosphere. trifugal separation, evaporating in atomized state, etc. 

The intensity of the contamination from the atmo- 30 Independent continuous or periodic purification is em- 

spierc, e g. in hydraulic systems (especially those of ployed witii fioU-flow and bypass (5-20% of the flow), 

farm, road-making, construction and the like machin- The mentioned methods and appropriate means are 

ery), depends on fluid volume oscillations in their tanks described in many sources (U.S. Pat Nos.: 2^215,756; 

when operating. These oscillations are basically die- 2,268,653; 3,154,087; 3,233,652; 3,329,194; 3,356,182; 

tated by the work of their hydraulic cylinders and accu- 35 3,444,87 1 and others). 

mulators. Common to all the known methods of decontamina- 

The matter is not only that the solid contaminants are tion is the quest for removing all contaminants from the • 

abrasive, cause wear and decrease (in many times) the fluid. Being unable to do so, filiation, for example, is 

term of fluid unit service, but they may wedge movable assumed to be the most qualified if the size of the filtrat- 

detatis (especiaUy the plunger ones) and be the cause of 40 ing material calibration channel is less than the half of 

the inoperativenes of automatic controls. As much as the minimum clearance in the sliding pair. Still, being 

to hydraulic systems, this is true for fuel-feed engine difficult, it does not go beyond the full clearance. Be- 

systems, especiaUy those of fuel-feed diesels and gas sides, the fine mesh filters may clog and, in some areas, 

turbines. Of the latters, the problem particularly arises even become a repository for geological growth, 

in road-Vehicle gas turbines because the parts of such 45 SUMMARY OF THE INVENTION 
systems are many times smaller (in comparison with 

those of aircraft) with openings susceptible to blockage The object of this invention is to devise a smiplc and 

thrwigh dirt ingress and carbon deposit formation, practical method not only for the same purpose (elimi- 

The gaseous contaminants (air, carbon dioxide, sulfur nating the harmful effects of contamination) as the 

dioxide, water vapor, etc.) are absorbed from the at- 50 known ones, but for improving fluid woridng properties 

mosoherc (as above) or from their internal source (e.g. too (e.g. in fluid circulation systems contominated dur- 

incbmplete combustion processes). ing operation, the cause of contamination being un- 

The unsolved gaseous contaminants deteriorate the avoidable), and even the system components them- 

pliabilityof fluid systems, their triggering, stability, and selves. 

may cause inoperativeness. 55 Other objects are to increase the longevity of the 
Some gaseous contaminants (e.g. sulfur dioxide) form fluid and system units, their reliability, to improve the 
acids , (causing corrosion) with water. Besides, oxygen antifriction properties of rubbing components, to im- 
solubility-in-fluid bemg higher than that of atmosphere prove feeding of the system pump, to devise the best 
air, the dissolved one contains 40-50% more oxygen. regimes of fluid treatment, etc. 
This intensifies the oxidation of the flmd and the metal 60 The principal distinguishing characteristic of this 
details, and destroys the rubber ones. invention is that the fine solid contaminants are not 
Also, the gas forms foam decreasing oil lubrication driven off, but are destroyed by means of either hydro- 
ability and causing the corrosion of metal details, oxida- mechanical breaking down, or ultrasonic erosion or the 
tion and other chemical reactions in the oil (because of cavitation one directly in the working system or sepa- 
bigger interface and more oxygen content). The stable 65 rately. Also, they are intentionally retained m the fluid 
foam; in time, forms viscous contaminants depositing on in the dispersion state (obtained by the same methods), 
the/ detail surfaces. The forming of foam increases In domg so, the solid contaminants were not only 
sharply whra water is present (even at only 0.1%). neutralized, but are converted into useful particles. At 
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the same time, the mentioned treatment is accomplished FIO. 9 is the view of a separate arrangement with the 

in such a manner that volatiles are drawn off the fluid. above device (on FIG. 8) operating with two fluid 

It can be said with confldence that said intentional tanks; 
retention of the fine particles inthe working fluid in a FIG. 10 is the same as above with the special over- 
dispersion state is not quite as absurd as it may seem. ^ head funnel; 

Taking the new view of this retention it has been found FIG. 11 is the design of a separate arrangement of a 

that the dispersed particles are very useful. centrifugal type. 

They substantially improve the antifrictional proper- FIG. 12 is the design of a device with mutual collid- 

ties of the rubbing components by means of: i^S j^^- 

1. Filling the cavities of the wearing or defective sur- FIG. 13 is the design of a device with a pulsating 
faces; valve. 

2. Smoothing and restoring the latters; FIG. 14 is the installation of a destroying-dispersmg 

3. Extending the actual contact area; device into a pump inlet. 

4. Increasing heat transfer between the surfaces; FIG. 15 is the design of an electrodischarging jet 

5. Reducing pressure between the latters, the influence device. 

of microscizure and other undesirable frictional ef- FIO, 16 is the design scheme of a device with ultra- 

fects. sonic producing of jets. 

Also, these particles having a relatively large surface F'^r. 17 is the design scheme of a device with an 

absorb the oxidation products and increase the electric ^^^^^^^ active surface. 

conductivity of the fluid. Consequently, the electro- FIG. 18 is an exemplary graph of percentage decreas- 

static component of wear and electrostatic electricity "^S fluid viscosity according to the quantity (N) of pres- 

accumulation are decreased. The latter, also, adds the sure oscillations and to a current-quantity (mc)-of-vis- 

fire safety. Besides, the oil quality is improved in re- cous-additive-to-maximum-one (mmax) relationship, 

spomc to sUcnt discharges (because of the metal parti- 25 ^ the schematic diagram of the cavitation 

cles). In engines, also, the deposition of carbon and process m a nozzle-plate gap. 

varnish decreases. ^ is an exemplary graph of drainage-to- 

Thus, this method aUows not only to diminish as it is minimum pressure relationship (pd/pmin% the gap-to- 

too rigid requirements to the ffltration, but to improve riozxle one (h/R) and discharging coefficient 0*) ac- 

the system as a whole. 30 ^^ding to Reynolds number (Re) in the nozzle-plate 

Among other things, in one process only, it is possible ^ • i_ • i. 

to eliminate, also, gaseous and liquid contaminants and ^ design of a device producing cavitation 

accessorily to improve pump feeding and emulsions: * . , 

water-oil ones (fire-resistant hydrauUc Uquids and the H ^ ^ * 

lubricants of large two-stroke marine engines), cutting 35 ^2' 5! • t^^^ . 

fluids, cooling lubricants, etc. . ^9' ^"^^^ schematic diagram producmg cavita- 

It should be taken into account that the metaUic parti- ^°St^ ^^S'^^J^^ a core cavitator. ^ 

cles may act as a catalyst for oil oxidation and form F^^' ^ « ^he design of a device with the above 

tarry substances, when the metal of the rubbing parts scheme. 

and the oil are mappropriately selected. ^ DESCRIPTION OF THE PREFERRED 

BRIEF DESCRIPTION OF THE DRAWINGS EMBODIMENT 

T7T/^ t * ^x. X. 4.' r • • ^- • • The initial stage of this method for improving the 

FIG. 1 is the schematic diagram of mjection impinge- _s cr\ ^ u*ij 

^ * workmg properties of flmd systems is mechamcal de- 

"pikaisthedesignofthesubmergedhydromechani. 45 ^ojji^ or cavitation eroding the 

cal destroying device with the fluid jet impinging upon mechanical destroying, it is possible to use 

a stotiCM^sohd surface; the mutual collision of the solids (themselves or against 

HG 3 IS a schemaoc diagram illustrating the mstalla- ^ surface), cavitation of the fluid or both of these 

tion of the above device mto an exemplary lubncaton ^ phenomena simultaneously, or cutting by the port edges 

enpne system with a dry sump; in the small clearance of the pair sliding at high speed. 

FIG. 4 is a graph with the percentage hnes showmg jhese can be readily accomplished either on a continu- 

the unprovement of the workmg properties of a diesel ^ cycle one. 

lubrication system for the factors of acidity (line A), pj^^ destroying, the solid contaminants are inten- 

alkalimty (line B), sliming on filters Oine C), metal con- 53 tionally retained in the fluid m a dispersed state, which 

taminants (line D), wear (line E), friction (line F), elec- achieved by hydromechanical methods. If the quan- 

troconductivity (line G), and deposition of carbon and tity of the dispersed particles is more than necessary for 

varnish (line H), the device bemg installed directly into the dispersion, the residue setdes down into a settler- 

the system; storer (which is usually available in the filters or the 

FIG. 5 is a schematic diagram illustrating the installa- 50 tank of the fluid system) and is removed at the routine 

tion of the device into an exemplary hydraulic system; maintenance of the system. 

FIG. 6 is a schematic diagram illustrating the installa- The mentioned mutual collision can be created by 

tion of the device into an exemplary fuel-feed system of means of: 

a four-stroke diesel; 1. Speeding-up the contaminants in the fluid jet, the 

FIG. 7 is the view of a separate arrangement with the 65 solid surface being stationary; 

above device; 2. Speeding-up the surface (usually by an ultrasonic 

FIG. 8 is the design of the above device of unsub- transducer), the fluid being stationary; 

merged type; 3. Speeding-up both the contaminants and the surface; 
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4. Speeding-up the contaminants in» at least, two mutual 
colliding jets, the solid surface bang (a) absent; (b) 
stationary; or (c) speeding-up. 

These: methods, besides those with the spccding-up 
wall; are diagrammatically shown on FIG. 1 by means 5 
of full and dash lines. Undoubtedly, there are a lot of 
other ways to u\ject the fluid in such a manner that the 
contaminant streams impinge upon each other or upon 
ih<c wall. The impingement can aid not only destroying 
and disperdng the solid contaminants as obtained atom- 10 
izatipn can be used for removing other contaminants 
(this will be shown below). 

/ The, mechanism of dispersion and emulsification by 
the jet lies in its tendency to entrain large volumes of 
surrounding fluid, to move the solid and liquid particl^^ IS 
to create turbulence, to susjpend tifiem and to blend 
fluids. 

The effect of emulsification can be used for improv- 
ing emulsions (water-oil fire-resistant hydraulic liquids, 
cutting fluids, cooling lubricants, etc.). 

A -hydromechanical device with the fluid jet imping- 
ing upon the waD (FIG. 2) consists a body 1 (that can be 
attacheid, e.g the return fluid line in a fluid tanlc, a deliv- 
ery line, etc.) on which a nozzle 2 and a tip 3 with a rigid 
plate 4 and slots 5 are screwed. The distance between 25 
the nozzle 2 and the plate 4 is fixed by a locknut 6. 
. The fluid is delivered under pressure to the body 1, 
accelerated in the nozzle 2 and impacts at high speed 
against the plate 4. This impact breaks down the solid 
contaminants in the fluid flowing out through the slots 30 

5. ■ ■ . 

For minimizing turbulence and radial flow and ob- 
taining the clean coherent jet, the nozzle 2 is polished 
and all changes in contour are rounded off. The nozzle 
design, pressure level, jet velocity, volumetric flow 35 
rate, siiriace condition, the standoff distance (that be- 
tween the nozzle and the plate) are important for ob- 
taining steady jets. 

Existence of two thresholds of velocities (or pressure 
drops). should be expected: the bottom one below which 40 
destroying does not occur for most contaminants, and 
the upper threshold beyond which little destroying 
effect is gained. 

There are many ways in which the above unit may be 
mounted^ varying according to the application, and this 45 
does not exclude the use of usual piidflcation devices 
(filtersi centrifuges, etc). 

On FIO. 3, as on the others, the installation of the like 
devices is shown by way of illustration, but not of limi* 
tatipn, in an exemplary lubrication engine system with a 50 
dry ;sump. Like, but not necessarily identical, parts are 
identified by common reference numerals in the differ- 
ent figures. 

The system contains the device 11 installed into a 
bypass return line 12 on an oil tank 13, a pump 14 and 55 
14A:an oil cooler 15 with a bypass valve 16, fUter instal- 
lations 17 and 17A and a main line 18. 

Oil flows down into a recess in the front and rear 
parts: of the crankcase and is continuously pumped by 
the pump 14 through the oil cooler 15 and the filter 60 
installation 17 into the main line 18. Through the device 
11, 15-25% of the flow passes by. 

In a lubrication engine system with a wet sump (not 
shown on the drawings), the device 11 can be installed 
on the, delivery side of the system. In this case, the oil 65 
flbws through the device to the crankcase. 

Because the. principal objective of the invention and 
. one:bf the numerous possible means of its performance 



6 

have been explained, it is expedient to take a view of the 
results, before turning our attention to other possible 
means and installations. 

The percentage of improving the working properties 
of engine lubrication systems by means of destroying 
and dispersion of the solid contaminants directly in the 
system at 20% of the full flow is shown on FIG. 4. 

At the usual operating conditions in lubrication lines 
(4-7 kgf.sm-2prcssure and 60*-90' C. temperature) this 
method improves the factors of acidity (characterizing 
the degree of oil oxidation) on 10-40%, alkalinity (char- 
acterizing undepleted additive)— 20-60%, sliming on 
the filters— 15-30%, metal contaminants (characterized 
by us as a positive phenomenon) — up to 400%, wea- 

r^^n 25-35%, friction— 20%, electroconduc- 

tivity— 30%, the deposition of carbon and varni- 
sh — 20%, the size of the solid particles is quartered 
(from 10-15 mkm). These data based on 400 hours work 
of the same oil show the possibility of lubrication oil to 
serve in engines at least two times longer. 

The lines A-H can be found by means of comparison 
of the working properties of untreated and treated fluids 
operating in siznilar conditions. 

The acidity and the alkalinity can be determined by 
known methods, e.g. by measurement of electrical po- 
tential or_by means of indicators, comprising a class of 
weak acid or basic compounds which change color by 
reaction with the fluid. 

Sliming on filters is compared by weighing, metal 
contaminants — ^by settling and weighing, flictran— by 
tribometers. 

It should be noted that the oil film can become non- 
conducting if its thickness is slightly in cr eased. This is 
characterized by increasing the film resistance of sev- 
eral orders. That is why the electrical conductivity of 
thin fluid films can be studied by means of fluid fiUing 
the gap between the tips of a micrometer, applying a 
voltage to the tips and measuring the gap at tiie same 
volt-ampere characteristic, which can be recorded, for 
cxamplet on the screen of an oscillograph. Such a result 
is shown on FIG. 4 (line G). 

Antiwearing properties can be assessed by the inden- 
tations on the sliding surfaces and by measuring their 
wear. The deposition of carbon and varnish can be 
measured in the same way. 

In hydraulic systems, the alternate method of partial 
flow of the working fluid can be applied (FIG. S). 

A variable orifice 20 limits the volume of fluid that 
can return directly to a tank 13 through a return line 12. 
Excessive return flow is deHvered through the device 
11. 

In a fuel-feed system of a four-stroke diesel (FIG. 6), 
the fuel from a tank 13 is pumped out by a pumps 14 and 
14A through a filter installations 17 and 17A into a main 
line 18. Excessive fuel is returned through a return fine 
12 and the device 11 into a tank 13. 

The destroying-dispersing device can be a separate 
arrangement (FIG, 7) composed of the device 11, a tank 
13, a pump 14, a return line 12 and an inlet 22. 

The fluid to be improved is poured out into a tank 13 
and circulates through the circuit: a tank 13 — an inlet 
22 — a pump 14— a return line 12 — ^the device 11 — a tank 
13. 

In many cases, from operational considerations, the 
device is better to be of an unsubmerged-into-tank type. 
This is easily achieved by sealing the body 1 and chang- 
ing the outlet (FIG. 8). 
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The destroying-dispersing device can also be in- x is plunger displacement^ read from the closed posi- 

stalled into a separate arrangement operating with two tion; 

tanks (PIG. 9) or with the special overhead funnel M is Hie sum of masses, the plunger mass and that 

(FIG. 10). mass equivalent to the spring; 

In the Brst case» the fluid to be improved is pumped ^ t is the time of the displacement; 

out of one tank 13 into another through an inlet 22, a f is a damping coefficient depending quadratically to 

pump 14, the device 11 and a return line 12; in the sec- the displacement velocity; 

ond case, fluid flow is the same, except there is no inlet Z is spring tension; 

pipe. p is current pressure in the valve chamber; 

In many cases, it is more expedient to install a nozzle FisB, plunger area; 

2 into an impeller 25 in a tank 13 (FIG. 11). With this V is a current volume of the valve chamber; 

device no pump is necessary. Q »ean fluid consumption through the valve; 

When the impeller 25 is rotating, the fluid from its Xois the plunger displacement at the above consump- 

inlet 22 is thrown out of the nozzle 2 under centrifugal ^lon; 

force. The" jet leaves the nozzle and breaks itself down ^ elastic modulus. 

against the wall of the tank. "^o consider the equivalent mass (m^) of the spring, 

Toavoidthe wearingactionofthejetonanimpingcd displacement velocity of individual spring sections 

plate three nozzles 2 are radially installed into a return ^ with sufficient accuracy, assumed as changeable 

line 12 (FIG. 12). The jets from the nozzles mutuaUy _ directly proportionate to the displacement from zero at 

collide and the solid contammants are destroyed. retainer up to the maxhnum at the plunger. 

It is easy to consider a pulsating jet to be more effec- Because the kinetic energy (0.5meVm2) of the equiva- 

tive as it gives time to remove the reflected ofF-thc-wall ^^^SY 
stream and since a solid contaminant surface is rough 

with cracks and crevices, the fluid is trapped in the 25 x 

enclosed regions and breaks them down at increasing | 5^^j-i f^^ix-^j^dx 1 

pressure. Besides, in systems with small consumption, it I * Jo ^ } 
is possible by means of pulsating the jet to enlarge the 

too small orifices, which are required to provide the r^i^ • ^1 t \ 1 

1 , ^ , : . , , of the spnng actual mass (m,) are equal, 

proper jet velocity and are susceptible to blockage 30 *- & \ v » 

through dirt ingress, carbon deposit formation and mj> 

obliteration. where 

The fluid system is subjected to minor pressure osciU is maximum plunger velocity; 

lations about the mean pressure level with the signifi- 1 is spring length with consideration of preliminary 

cant ones being forced at the nozzle, if the forcing fre- 35 tightening of the sprmg. 

qucncy of the volumetric displacement is one of the Osies the operating valve frequency range and dis- 

resonating frequency. placement, the quadratic dependence of the damping . 

Of course, there are many ways to pulsate the jet. coefficient can be approximated with the linear coefBci- 

One of them, the destroying device combined with the ent. 

pulsating valve, is shown on FIG. 13. 40 Therefore, the simultaneous solution of equations 

A body 1 provided with a nozzle 2, a tip 3, a screw (1^2) gives us: 
plate 4 and slots 5 contains a plunger 28 with a spring 

29. The latter is limited with a threaded retainer 30 and x r ^ iw 

alocknut6. ^ + + „-i (2 + 

In the starting position, the valve is closed. When the 45 

fluid is supplied, a plunger 28 compresses the spring 29 t^Rv-^\ <fcc FEA _ - 

and opens the nozzle 2, the jet breaks itself down against ' dt Vmx^ ^ " 
a plate 4 and comes out through the slots 5. At this time, 

pressure in the valve chamber drops and the spring, where fi is the approximated damping coefficient, 

again, closes the valve. SO As the coefficients of the equation (3) are positive, the 

The valve parameters, providing its operating in the process has an oscillating nature, 
self-oscillating regime, can easily be considered from From Hurvits's criterion, the self-osdllations are 
investigating the equations of the plunger movement, if stable if 
we assume absence of leakage, flow-continuity distur- 
bance at the inlet, dry friction, plays, wave processes in 55 fixo(ZVE +F ) (mQF)- > 1. (4) 
the drain line, resistance in the pipes, deformation of , i- • • * 
walls, change of thermal conditions, gravity forces and ^ ™ . ^ mequahty, it is not difficult to choose 
fluid compressibility. stiffecss and prchminary tightemng of the spring, 
j^l fluid consumption and the area and the stroke of the 

60 plunger to obtain the steady-state oscillations. 

As the atomized (and. in many cases, heated) jet, 

tflx ( dx V which is also heated because of throttling in the nozzle, 

"JJ" J + « - />F - 0; is available, and atomization and heating are the princi- 
pal mechanisms that prevail in many known degassing 

^ ^ J. o— + ^ « 0 processes, it is easy to drive off gaseous (air, carbon and 

dt ^ xo dt ^ sulphur oxides) and liquid-in-vapor form (moisture and 

gasoline) contaminants, when Uie fluid is atomized in 

where the tank. 



04/17/2002, EAST Version: 1.03-0002 



4,619,406 

9 . . 

In this case, decreasing solubility under falling pres- (which are weak compared with the cavitation forces) 

sure in the jet, elevating temperature, increasing free and large mechanical stresses (which may be due to 

liqtiid surface and agitation, which brings gases to the cavitation or directly associating with ultrasonic 

suiface,;are used* waves). 

The tank, with the device installed, can be connected 5 The solids suspended in the fluid scatter some of the 

to the vacuum system of the engine or the compressor. incidental radiation, thereby giving rise to an energy 

In this case, the volatilcs are drawn off under negative density gradient across themselves. If these solids are 

pressure into the vacuum system. There, they can be smaller than a wavelength, the resulting radiation pres- 

mixed with the gasoline in the carburetor and dis- sure is small (unless they are in a standing wave system 

charged as exhaust 10 and accumulate there in bands situated half a 

However, it should be taken into account, that con- wavelength apart), 

necting the tank with the vacuum system deteriorates Besides an alternating wave force, the solids are sub- 

the pump suction of the fluid system. jected to a steady force which arises since fluid viscos- 

Thc most degassing effect in engines is achieved if the ity does not remain constant over a pressure cyde with 

atomizing device is installed into an outlet-of-engine 15 temperature variations. 

lubrication line, as here the fluid has saturated gaseous The motion of the particles depends on their size and 

contaminants from the engine. mass (the larger particles oscillate with a smaller ampli- 

Another utilization of the jet is increasing the pres- tude). This amplitude difference also increases probabil- 

sure of the pump suction (FIG. 14). Here the atomizing ity of mutual collision of the sohds. 

device 11 is installed into an ejector 3X 20 It should be taken hito account that applied throttling 

The flmd from the drain hne of the system enters the with a high pressure difference, vibration (especially 

device 11 and comes out through a nozzle 33 to the with ultrasonics) and cavitation cause molecular-struc- 

pump. Because of the velocity head, some added fluid is tural breaking down of some fluids (particularly those 

drawn out to the suction port 34 of the pump from the with viscous additives consisting of long hydrocarbonic 

port 35 connecting with the tank. 23 chains). This is accompanied by decreasing viscosity 

In some cases it is possible to use electrodischarging * and the deterioration of lubricant properties (FIG. 18). 

means to create the jets (FliG. 15). In the ultrasonic devices (FIG. 16, 17), the desirable 

Into a body 1, provided with a nozzle 2, a tip 3, a plate effect is produced mainly by activating the jet or (and) 

4, slots 5 and a locknut 6, electrodes 37 connecting an the solid surface. Cavitation does not have much affect 

electrodischarging scheme are placed. The latter, in the 30 because of the reason explained below, 

most common case, consists of a transformer 38. a diode The effect can also be achieved only by means of 

39, a resistor 40, a capacitor 41 and a switch 42. cavitation occurring m liquid when local pressure re- 

The electrical discharge causes pressure waves to be duces below the gas vapor pressure. If formed cavities 

sent through the fluid entering the body 1 via a screw (gas vapor bubbles) are subjected by a higher pressure, 

-throttle 43, and their impact produces the powerful jets 35 they collapse, since the vapor within them condenses 

impinging against the plate 4. and gas dissolves. ... 

As hydraulic resistance ofthe throttle adheres to the • During this process, fluid particles move to the bub- . 

quadratic law of the stream velocity, the throttle cxhib- blc center with great speed. As a result, the kinetic 

its a Uttle resistance to the constant stream and the very energy of the colliding particles causes local hydrauhc 

high resistance to the impact wave propagation. That is 40 impacts accompanied by high temperature and pressure 

why, the fluid system is prevented from having too high sufficient to damage the hardest material of the sohd 

pressure; boundaries exposed to the collapsing cavities. 

Another means of jet creation is the ultrasonic trans- At high temperature, chemical acting bubbles of at- 

ducer 45 with a bored nozzle 2, a tip 3, a plate 4 and mospheric oxygen (the dissolved air contains L5 tunes 

slots 5 (FIG. 16). 45 more oxygen), electrolitic effect and oscillations fatigue 

The fluid enters the vibrating transducer 45 and the the -material. In addition, hydraulic microimpacts de- 
nozzle 2 from a pipe 12, with a spiral turn (because of stroy the oxidation fihn. which delays metal oxidation 

the oscillations of the transducer). The static fluid in usual conditions. 

stream is broken up by the high mstantaneous accclera- For the bubble fonnation, a nucleus is reqmred. It 

tions obtainable by ultrasonics into a scries of jets sepa- 50 may be a small bubble afready existing in the liqmd, a 

rated by a distance of twice their own length (since small pocket of gas in a crack m the solid contammant 

injection occurs only over approximately one thfrd of a or on the wall of the vessel, some defect or void m the 

cycle and impinging against the plate). structure of the liquid, etc. ... 

the vibrating transducer exerts a radiation pressure Thus the contaminants are the nuclei of cavitation, 

within the fluid drops resting (relatively) in the column 55 and it is very tempting to utilize this phenomenon for 

of the fluid fed into the transducer on a continuous their destruction. In this case, the pressure pulses are 

basis. Besides the radiation pressure, cavitation occur- generated right where they are needed (on surfiices of 

ring as a result of the passage of ultrasonics causes the the solid contaminants). This provides the cavitating 

jet production (the cavitation phenomena wifl be ex- devices for improving fluid systems with a great advan- 

plaincd below). 60 tage, because the energy for their destruction is trans- 

In the device (FIG, 17). the destruction and disper- ferred directiy to the contaminant and a minimuinof 
sion of the sohd contaminants are created by directing a effective pressure is lost by divergence of energy. The 
relatively weak.fluid stream against the active surface of required one is relatively modest, but concentrated over 
an ultrasonic transducer 45. The latter and nozzles 2 are a small area and produces very high local stresses (the 

installed into a return line 12. 65 peak erosion intensity and jet power vary respecdydy 
' : If ithe transducer is surrounded by fluid, the physical with the sixth power and the cube of the jet velocity), 

changes induced by intense ultrasonic radiation are It should also be mentioned that in the jet non-ultra- 
caused by heat, cavitation, steady ultrasonic forces sonic devices (see above) the used velocities of the jet 
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impinging against a rigid surface may develop a pres- a* is cavitation number. 

sure not higher than the strength of the solid particles. The force of the jet creates a high turbulent zone with 

and in this case, erosion is caused by cavitation too. a multitude of vortices around the periphery of the jet 

Ventilation of cavities can be used for eliminating and shears the surrounding fluid. Low pressures in the 

volatile contaminants by the same ways as it has been 5 centers of the vortices decrease below the vapor gas 

explained before. But this ventilation decreases pressure pressure and additional cavities (vortex cavitation) are 

of collapsing. That is why the selection of necessary formed there, increasing the erosion and the dispersion 

equipment depends on the most desirable effect re- effects. 

quired. Also, cavitation can be produced in the nozzle plate 

When cavitation occurs in the jet surrounded by the 10 gap (FIG. 19) at 
atmosphere (as, for instance, in the ultrasonic devices on 

FIGS. 16, 17), the air tends to leak into the jet and h<a5R (e,g. o.iR>h>aoiR); (6) 
cushions the collapse, the shodc and destructive force 

are consequently decreased. For this reason cavitation vS[2pj;i (Re, hypf-^, (7) 

in these devices is not the deciding factor in comparison 1^ 

with the mechanical destruction. To increase the latter, where 

it is necessary to prevent ventilation of the cavities. By h is the gap; 

submerging the fluid jet into a relatively stationary R is the nozzle orifice radius; 

body of liquid, venting the fluid jet into the atmosphere ^ ^ discharge coefficient, depending on h and Rey- 

is virtually eliminated. 20 »olds number Re (FIG. 20). 

In engine lubrication systems, if the deciding factor is cases, cavitation can arise in regions below 

cavitation erosion of the solid contaminants (but not curves pd/pmin (FIG. 20) at 
eliminating the gaseous ones), the cavitation devices 
should be installed into the engine inlet (compare with 
the above indications in reference to the degassmg in- 

stallation). • rf • 

Cavitation can be produced by a variety of ultrasonic P*'.'®. . . pressure; 

and hydrodynamic methods forming regions of rarefac- yis kmeuc viscosity of the flmd^ 

tion and compression. Besides the ultrasonic devices ^^^f "^^^T ^5 fT^^J?^ °^ ^ 

(FIGS.16,17)workinginasubmergedregime,thefluid 30 nozzle 2 wi^ e^er a swl vol^^ 

to be improv^ upon L be ultrasoiicaUy^ied in the ^P?^^ « 

<m sufficiitly flexible sides or the bottom of this^e^coUision 

whidi an ultrasonic transducer is mounted (such ultra- ^'^P '>^»"^- j . ^. . - 

sonic installations are used, for example, for ultrasonic «»v.tat.on can be produced m the device (FIG. 

cleaning). Also, this can be done in the available ultra- « "> appropnatdy mcre^g the ijnPfUer angular 

sonic homogenization and emulsification equipment spccd and the hydrauhc resBtence of the 

with fluid flowing through a container surro^diSg the V '^^J'^^Z^Tt ^ "T"- ^'^^J^^ 

tin of the horn are formed by the electrodischargmg device (FIG. IS) 

More convenient, however, are the known ultrasonic ^fj^^. P^^^B Providing flow conti- 

whistle and the like jet ultrasonic generators, which ^ ""S u^, / ^ • 

outwardly look like the device sho>^ in FIG. 2 and, . ^"'^"'fB ""^i^ "'^ 

consequently, can be installed into the fluid system or ""^^l ^ one (pulsatmg bubble sys- 

the separate arrangement exactly by the «mK way ^ ^ **P^ drops) anse at l>o->0.5 

(FIG. 3. 5-10.14). But a fatigue fdluie in the vibrating ^hcse two cavitation forms CTeateerosum. noise and 

blade of the whistle is incvitoblc. vibration of the equipment The most radical means of 

Other existing hydrodynamic oscillators and cavita- ^^^^ cavitation damagcjs transitjon mto 

tion generators can be used also, for example, tubular ?"P«^vitotion regime (sheet cavitation with sharp 

rotor-stetor devices with narrow slots parallel with the ^^Tu-^^l T^u^^ 

working axis. However, in this case, most of the break- cavihes closmg behind the nozzle, but not on the pkte 

ins down is produced by the high speed cutting of the ' ^. . ., .. 

su^ended p^cles by the port llg^in the smi^ clear- , ^ supercavitetton re^e can be e^iy achieved by 

an« (aboui 0.002 mii) betWeen the rotor and stator. a core oavitator 4« mto the onfioe of the nozzle 

In many cases the best way to produce cavitation is ' . « -.^ i • ^ 

by non-ultrasonic devices (which can work at super- „ Cavmes m the fluid cause the dor op«ung to be- 

cavitation regime with the minimum wearing of work- come ovrfoaded (the constramtofthe flow) and cre^ 

inc surfaces) additional hydrauhc resistance. Neglectmg secondary 

The submerged jet produces cavitation at the veloc- cavitation effects (foaming, vortices, etc.) the fluid is 

considered to flow through the reduced area (F;) of the 

device 

60 

\2(Pmin - Ps)]-^ (5) Fr=(l -a)F„ (9) 

' > 

where 

where a is the parameter characterizing cavitation develop- 

pmm is minimum pressure; 65 ment; 

ps is the sum of pressures of the dissolved gas and Fv is the outlet area. 

saturated vapor; For the device (FIG. 15), the quantity of impeller 

p is liquid density; revolutions per minute ensuring cavitation regime is 
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n=l9.1v/D=.27.9(p„/fl-p,)0-5(p(rD^-0^ (10) 

where: D is the impeller diameter. 

At tte cavitation regime, to the working power (con- 5 
sidered by the known expressions), the power (N) spent 
because of the flow constraint with cavities is added: 

N=vpF^=0.5vVFn <ii) 

where p is the pressure drop in the nozzle or the pump 
pressure of the impeller. 

With high speed rotation, the impeller may uncover 
itsdf and part of the fluid may splash out of the tank 
(providing there is no Ud.)- These phenomena arc ac- 
cordingly eliminated.at - _ - 

: : hf-hoS7xlO-VR//gSH-hi, (12) 

where ; 

ho is the distance between the tank and the impeller 
h/ is the height of fluid level in the tank; 
R/ is the! tank radius; 
H is the tank height; 
g is g;ravity acceleration. 

In Bernoulli's equation, impeller inlet vacuum pres- 25 
sure can be, with sufficient accuracy, calculated with- 
out, taking into account the non-uniformity of fluid ve- 
locity distribution: 

PF«p[hr/g+0.5v2(l+O] (13) 30 

where^ is coefficient of losses in the impeller inlet. 

If { is great, cavitation can arise in the inlet Since the 
latter is ventilated, the erosion effect is small, but degas- 
sing is significant Besides, this inlet cavitation causes 35 
pulsing jets (and may produce cavitation in the nozzle 
too). In supercavitation regime, this pulsation depend- 
ing on the pulsation of the large stable cavitation bub- 
blCi is very stable. The same is true for vortex cavita- 
tion, if it arises in the mlet of the vortex nozzles (FIGS. 40 
21-23). Thus cavitation in the inlet is another means to 
pulse the jet 

Any cavitation process is temperature dependent 
because it depends on the fluid temperature dependent 
characteristics. Those of vapor pressure, surface ten- 45 
sion, the diffusion rates of dissolved-in-liquid gases, and 
chemical activity of fluid increase when the tempera- 
ture is raised, with the solubility of gases in the liquid 
decreasing. 

The temperature rise may, at first, lower the cavita- 50 
tion threshold and thereby intensify the cavitation. The 
gas conteht of fluid reduces as the temperature rises and 
increases bubble compressibility and shock pressure. 
These actions provoke still more erosion intensification. 
However, further temperature rise increases the pres- 55 
sure of saturated vapor and lowers the pressure impact 
of slamming cavities. 

These contrary effecting factors cause the optimal 
tempeirature interval of cavitation processes. 

This internal is true for dectrodischarging devices 60 
also, not only because of forming the cavitation bubble, 
but because the primary shock wave pressure heightens 
due; to the rising elastic modulus in degassed fluid. 

The dissolution of the air being lower in organic-ori- 
gin fluids (kerosene — 1.25 times, oil — 1.8 times, ben- 65 
zene^lO times), than in water, and vapor pressure and 
surface tension being higher (alcohol and petroleum — 3 
times, oil— 2), the pressure of cavitation microimpacts 
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and erosion in water is higher (in comparison with kero- 
sene at the optimal temperature — 2 times, benzene — 5, 
alcohol and acetone — 6). 

Higher viscosity liquids slow up the rate of bubble 
growth and lower cavitation intensity (also, because 
they have more dissolved air). 

Liquids of higher density show greater inertion and 
lower cavitation erosion too. 

If hydrostatic pressure rises, cavitation slamming 
pressure and erosion increase. However, sufficiently 
high pressure can suppress cavitation by rising the cavi- 
tation threshold too high. The optimal pressure interval 
is 3-5 kgf.cm-^. 

It can be seen that the cavitation process is deter- 
nuned by manyjfactprs with complicated dependencies. 
That is why the investigation of the cavitation process 
cannot give quantitative data of technological effi- 
ciency and erosion intensity. This investigation only 
points out the qualitative nature of the process. 

It is to be understood that this description is exem- 
plary and explanatory, but not restrictive. Also, the 
invention is not limited to the specific details shown and 
described. Departures may be made without departing 
from the scope of the invention and without sacrificing 
its chief advantages. 

I claim 

L A method of improving the working properties of 
a closed circulating hydraulic system in which solid 
contaminants are produced through operation of the 
system, the method including the steps of breaking 
down the contaminants of said liquid by means of cavi- 
tation erosion to a size not interfering with the opera- 
tion of the hydraulic unit, and retaining the broken 
down contaminants in the operating system and recircu- 
lating the borken down contaminants through the hy- 
draulic units. 

2. A method of improving the working properties of 
a closed circulating hydraulic system in which solid 
contamiants are produced through operation of the 
system, the method including the steps of breaking 
down the contaminants of said liquid by means of mu- 
tual colliding solids to a size not interfering with the 
operation of the hydraulic imit, and retaining the bro- 
ken down contaminants in the operating system and 
recirculating the broken down contaminants through 
the hydraulic units. 

3. A hydraulic system including a hydraulic unit, 
lines, a working liquid and a means for maintaining the 
working properties of the latter, wherein said means 
constitute a device for breaking down the solid contam- 
inants of the liquid into particles of a size not interfering 
with the hydraulic imit and retaining said particles in 
said working liquid and recirculating said particles 
through said hydraulic unit, said device including a 
nozzle to form a high-speed jet, and a solid surface 
against which the latter is collided, and said surface is 
activated by an ultrasonic transducer. 

4. A hydradulic system including a hydraulic unit, 
lines, a working liquid and a means for maintaining the 
working properties of the latter, wherein said means 
constitute a device for breaking down the solid contam- 
inants of the liquid into particles of a size not interfering 
with the hydraulic unit and retaining said particles in 
said working liquid and recirculating said particles 
through said hydraulic unit, said device including a 
nozzle to form a high-speed jet, and a solid surface 
against which the latter is collided, and said nozzle ts 
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mounted in a revolving impeUer submerged in the liquid constitute a device for breaking down the solid contara- 

and surrounded by said solid surface shaped as a cylin- inants of the liquid into particles of a size not interfering 

der. with the hydraulic unit and retaining said particles in 

5. A hydraulic system including a hydraulic unit, said working liquid and recirculating said particles 

lines, a working liquid and a means for maintaining the 5 through said hydraulic unit, said device including a 

working properties of the latter, wherein said means nozzle to form a high-speed jet with a velocity suffi- 

constitute a device for breaking down the soUd contam- ciently high to cause cavitation, 

inants of the liquid into particles of a size not interfering g gygt^m defined in claim 7 wherem said nozzle 

with the hydraulic unit and retaining said particles in ^^j^j -^^^ 

said working hquid and recirculating said particles 10 ^ ^h^ ^ ^^^^^ ^ ^ ^^^^^^ ^ ^^^^ 

through s^d hydraulic umt, said device including a ^ j^^^ 

nozzle to form a high-speed jet and a soJd surface ^ ^ . ^ ^.herem in said 

agamst which the latter is colhded, and said nozzle is ^ ^ ^ ^ 

mounted in an ultrasonic transducer. tt ^ I r "r. , : - t. . . , , 

6- A hydraulic system including a hydraulic unit, 15 . The system defmed m claan 7 wherem said nozzle 

lines, a working liquid and a means for maintaining the is shaped as a nng slot „ 

working properties of the latter, wherein said means ^ Mrauhc system mcludmg a hydrauhc umt, 

constitute a device for breaking down the solid contam- * working Uquid and a means for mamtaimng the 

inants oftheUquid into particles ofa size not interfering working properties of the latter, wherein said means 

with the hydraulic unit and retaining said particles in 20 constitute a device for breaking down the solid contam- 

said working liquid and recirculating said particles inantsof the liquid into particles ofa size not interfering 

through said hydraulic unit, said device including a with the hydraulic unit and retaining said particles in 

nozzle to form a high-speed jet, and a solid surface said working liquid and recirculating said particles 

against which the latter is collided, and said nozzle is through said hydraulic unit, said device including a 

provided with an electrodischage gap for pressurizing 25 nozzle to form a high-speed jet, and a solid surface 

the liquid through the nozzle. against which the latter is collided, and said nozzle and 

7. A hydraulic system including a hydraulic unit, surface being installed with a small clearance between 

lines, a working liquid and a means for maintaining the them to cause cavitation in the gap. 

working properties of the latter, wherein said means » * • • ♦ 

30 



35 



40 



45 



50 



55 



60 



65 



04/17/2002, EAST Version: 1,03.0002 



